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ABSTRACT 
DiGiano, F.A., Lijklema, L. and Van Straten, G., 1978. Wind induced dispersion and algal 
growth in shallow lakes. Ecol. Modelling, 4: 237--252. 
The objectives of this paper are (1) to present experimental measurements of wind 
induced, vertical dispersion in Lake Brielle, The Netherlands, and (2) to examine the util- 
ity of a euphotic--dark zone model for investigation of the effects of dispersion and sedi- 
mentation on algal growth and phosphate cycling in shallow lakes. A tracer technique was 
used to measure dispersion (D) caused by a moderate wind of 4 m/s. The resulting values 
ranged between 4 and 6 cm 2/s and compared well with that predicted from theory. The 
latter objective was accomplished by comparing the results of a simple, two compartment 
model with those using a more complex, but more descriptive, finite difference model 
which accounts for the algal concentration gradient induced by growth, dispersion and 
sedimentation. Simulations howed good agreement in computation of the average 
euphotic and dark zone algal concentrations between the two models for D ranging from 
0 to 6 cm2]s and for a sedimentation rate constant, Ks, of 0.002 and 0.02 m/h. 
The results of simulations suggest that rapid algal growth occurs most readily in calm 
weather when wind induced dispersion is negligible. Dispersion may also influence the 
rate of particulate phosphate accumulation i the sediment (due to the settling out of 
algal cells) and the soluble phosphate profile in the overlying water column. Field data is 
needed to verify the relationship between algal growth and wind induced dispersion. 
INTRODUCTION 
The  in f luence  o f  w ind  act ion  on  mix ing  depth  in deeper  thermal ly  strat i -  
f ied lakes  has been repor ted  by  S tephan et al. (1976) .  The i r  most  impor tant  
f ind ing  was that  several  days  o f  ca lm weather  produced sha l low mix ing  
depths  and sharp  increases  in ep i l imn ic  algal concent ra t ions .  Lorenzen  and  
Mi tche l l  (1975)  have impl ied  a s imi lar  inverse re la t ionsh ip  between mix ing  
depth  and algal  concent ra t ion  for  l ight  l im i ted  growth ;  however ,  they  d id  
not  cons ider  the  natura l  occur rence  o f  w ind  act ion  as a cont ro l l ing  fac tor .  In 
another  approach ,  Bel la  (1970)  examined the  e f fec t  o f  seasona l  var ia t ions  in 
ver t ica l  mix ing  caused by  var ia t ions  in the  vert ica l  temperature  grad ient .  As 
expected ,  thermoc l ine  fo rmat ion  in the  summer  reduced t ranspor t  o f  a lgae 
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by dispersion of algae to the hypolimnion and thereby caused higher epilim- 
nic algal concentrations. 
All of these studies were concerned with vertical transport in relatively 
deep lakes. However, wind action may also be important in shallow lakes. 
This is particularly true for eutrophic lakes characterized by light limited 
growth of algae. In these lakes, growth rate decreases sharply with depth due 
to the attenuation of light. Under calm conditions, sedimentation is the only 
physical process accounting for loss of algae from the highly productive, 
upper light zone. However, dispersive transport will also occur when wind 
action becomes ignificant. In addition to algal growth, other chemical 
cycling processes will be affected. This has been illustrated by results of a 
simulation model applied to Lake Brielle in southwest Netherlands (Lijk- 
lema, 1977). 
The objectives of this paper are two-fold. First, experimental measure- 
ments of wind induced dispersion in Lake Brielle will be presented and com- 
pared to theoretical calculations. Secondly, the utility of a simple two com- 
partment model, i.e. consisting of euphotic and dark zones, will be used to 
show the effects of dispersion and sedimentation on algal growth; these 
results will be compared to those predicted by a multi-layer model which 
more accurately accounts for concentration gradients. The ultimate goal of 
the research is to include the effect of wind induced mixing on the fluxes of 
algae and chemical species linked to the phosphate cycling process in shallow 
lakes. 
MEASUREMENTS OF VERTICAL DISPERSION 
The apparatus used for measuring vertical dispersion in Lake Brielle is 
shown in Fig. 1. A continuous flow of tracer solution of Rhodamine dye was 
Fig. 1. Dispersion measuring apparatus. 
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pumped into a horizontal pipe fitted with numerous in-line holes. These 
holes were positioned and of a size such that the injector pipe could be con- 
sidered as a uniform line source. A vertical bar was suspended a horizontal 
distance of 1 m from the injector and in the direction of flow. This vertical 
bar held ten small tubes spaced equidistantly. Each tube was connected to 
the surface by a sampling hose, thereby allowing for continuous sampling. 
Dispersion measurements were made at depths of 0.5 and 2 m. The short 
distance between the line source and the sampling apparatus enabled mea- 
surement of a more or less local dispersion coefficient. 
The appropriate differential equation describing this measuring condition 
is 
ac ~2c 
U- -=D~ - -  (1) 
~x ~z 2 ' 
where U is the horizontal component of water velocity, c the dye tracer con- 
centration, D~ the vertical dispersion coefficient and x and z, the horizontal 
and vertical directions, respectively. The z distance is measured with respect 
to the injection depth below the surface. The assumptions implicit in using 
Eq. (1) are: 
~c 
( i )  - -=  0 
~t 
~c 
(ii) - -~  0 a ty=0 
~y 
~2c ~c 
- -<U- -  (iii) Dx ~x 2 ~x 
since the tracer stream is injected continuously; 
i.e. at the center line of the dispersion plane 
produced by the line source; 
i.e. dispersion in the direction of flow is neglected. 
With the appropriate boundary conditions, the solution to Eq. (1) becomes 
_ M I--z2 U7 
C(x,z) x/47rDzxV exPh4-~-zX]' (2) 
where M is the mass flux injected per unit of injector length and x is mea- 
sured with respect o the point of injection. A plot of In c(x, z) versus z e 
should yield a straight line with a slope of --U/4Dzx. With U known, Dz can 
be computed. A typical set of experimental results is given in Fig. 2. In this 
study, bottles uspended at the appropriate depth and connected to a small 
floating cork permitted measurement of the direction and magnitude of the 
velocity, U. The three calculated values of D~ are shown in Table I along with 
the depth and water velocity. The wind velocity during these measurements 
was 4 m/s and the resulting D~ ranged from 4 to 6 cm2/s. The limited num- 
ber of measurements and the lack of precision of the experimental technique 
prevent conclusions being reached regarding the dependence of D~ on depth. 
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Fig. 2. Typical results of dispersion measurements. 
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These experimental results can be compared to those predicted from the- 
ory. Banks (1975) has presented a summary of the literature in this field and 
gives the relationship between vertical eddy viscosity, ez, and wind velocity, 
W, and water depth, H, as 
1 Pa Cz 
ez  - HW . (3) 
4p o~ 
In Eq. (3), p, is the density of air and p the density of water; cz, the wind 
stress coefficient, is determined by the relationship between shear stress, Ts, 
at the water surface and the wind velocity as given in Eq. (4): 
Ts = Cz P, W 2 • (4) 
The term a in Eq. (3) represents the ratio between surface water velocity, 
Us, and wind velocity W (as measured at a distance of 10 m above the water 
TABLE I 
Measured dispersion coefficients 
Wind velocity = 4 m/s 
Depth U 
(m) (m/s) 
- -  U/4 DzX D z 
(cm2/s) 
0.5 -0 .035  15 
0.5 ~0.035  21 
2.0 -0 .03  15 
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surface) 
Us = ~w.  (5) 
Eq. (3} is based on the Boussinesq eddy diffusivity concept of turbulent 
flow. Although oversimplified, this theory is still appropriate for the present 
analysis. It should be recognized that both cz and a relate to the wind path 
length over the lake surface and must therefore be evaluated for each indi- 
vidual lake. For Lake Brielle, c~ - 1 × 10 -3, (~ = 0.02 and H = 10 m (at the 
measuring site) are reasonable values. Thus, the vertical eddy diffusivity is 
related to wind velocity (m/s) by 
e z (m2/s)~ 1.5 X 10-4W. (6) 
Assuming that the Reynolds analogy is justified, this relationship redicts 
Dz values which compare well to those measured. 
ALGAL GROWTH MODELS 
Algal concentration i  the euphotic zone is determined by the rates of algal 
growth and mineralization along with sedimentation a d dispersion. The ap- 
propriate mass balance is: 
OA O2A OA 
- -  - -  K s - -  (7 )  3t -AG( t ) - -AD( t )  +Dz OZ 2 OZ 
where A is the algal concentration, AG (t) and AD (t) the algal growth and 
mineralization rates, respectively, Dz,  the dispersion coefficient, Ks, the sedi- 
mentation coefficient and z, the vertical distance. The cross sectional area is 
assumed uniform with depth and sedimentation is described in terms of the 
net flux across upper and lower boundaries of the volume element. Similarly, 
the mass balance accounting for algal death, sedimentation a d dispersion in 
the dark zone is given by: 
~A 32A OA 
- AD(t) + Dz - - - -  Ks - -  (8) 
~t ~Z 2 ~Z 
The distribution of soluble phosphate is affected by algal growth dynamics 
and by dispersion. For the euphotic zone, a phosphate balance yields 
~P D2p 
-Dz  - - - -  YpAc( t )  + YpAD(t  ) (9) 
~t ~Z 2 
in which Yp is the stoichiometric amount of phosphate ither incorporated 
into an algal cell during growth or released by death of the cell. Hence, com- 
plete recycling of phosphate upon death of algae has been assumed. There is 
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no phosphate uptake associated with the dark zone and thus, 
aP a2P 
at - Dz - -az 2 + YpAD(t). (10) 
The equation developed by Smith (1936) can be used to describe light limited, 
algal growth as 
I x /  I(t)/Ig ] 
AG(t) = Pmax 1 + (I(t)/Ig) ~ A , (11) 
where Pmax is the maximum specific growth rate, I(t), the light intensity at 
any depth z, and Ig, a constant defining the light dependency. The main ob- 
jective of modelling in this research was to examine the effect of wind in- 
duced mixing on growth; thus, growth limitation by phosphate was not in- 
cluded. In addition, the present condition of Lake Brielle is that of light 
limited rather than phosphate limited growth. Attenuation of light with 
depth becomes an important factor in generating the vertical algal concen- 
tration profile and thus in influencing the dispersive and sedimentation fluxes. 
Beer's law has been applied to describe the extinction of light in lake water 
as 
I(t) = Io(t) exp[--Ez],  (12) 
where Io(t) is the intensity of light at the surface and E is the attenuation 
coefficient given by 
E = a + bA. (13) 
In Eq. {13), a is the light extinction coefficient for the lake water itself and b 
the coefficient associated with light extinction caused by algae. A sinusoidal 
pattern for I 0 as a function of time (i.e. from 06.00 to 18.00 h) is assumed. 
A simple, first-order elationship for algal mineralization rate is given by 
AD(t) = - -KdA , (14) 
in which Kd is the mineralization rate coefficient. The net specific growth 
rate term [A~(t) - -AD( t ) ] /A ,  as presented in Fig. 3, is thus a function of the 
daily light cycle and of depth within the euphotic zone. The rapid decline in 
net specific growth rate with depth also suggests a steep algal concentration 
gradient, especially during the period of maximum light intensity. 
The highly non-linear dependency of algal growth on time and depth 
shown in Fig. 3 precludes the use of an analytical solution to Eqs. (7) and 
(8). Two modelling alternatives are therefore presented: (1) a finite difference 
scheme and (2) a simpler, two compartment scheme consisting of the eupho- 
tic and dark zones. 
In the finite difference model, the obvious boundary condition at the sur- 
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10 3-0 
z (m) 
Fig. 3. Light limited net specific growth rate in euphoric zone and time after sunrise as a 
function of depth. 
I0max = 0.4 ca l / cm2/min ;  I k = 0.02 ca l / cm2/min ;  
E = 1.4 m--1;]4max = 0.04 h - - l ;  K d = 0.004 h -1 .  
Note: Growth  is over a 12 h l ight cycle wi th  the max imum rate at 6 h. 
face of the water is that no material is lost to the atmosphere. At the lower 
boundary (i.e. at the sediment--water interface), the following boundary con- 
dition was used: 
~2A 
Dz -0  (15) ~z 2 
In a physical sense, the boundary condition given by Eq. (15) is reasonable 
because the element lying just above the sediment can be considered as a vis- 
cous sub-layer in which only sedimentation f algae occurs. 
In the two compartment model, algal growth in the euphotic zone is aver- 
aged by integrating Eq. (11) over the euphoric depth, i.e. over Ze, such that 
AG(t) -~"~A~ ln ~ + 1+ ~ 
ZZe IZe 4- ~/1-I- (IZe~ 2 ' (16)  
L IK \ IK / 
where Ae is the algal concentration i  the euphotic zone, Ize is the light in- 
tensity at the lower limit of the euphotic zone and the other symbols are as 
previously defined. 
Accordingly, algal mineralization rate is given by 
AD(t} = KdAe. (17) 
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The rate of change of algal concentration by dispersion is approximated by 
Dz 
(Ze) 2 [Ae- -Ad] ,  (18) 
and by sedimentation by 
Ks z~[Ae - -Ad] ,  (19) 
where Ad is the algal concentration i the dark zone. 
The corresponding terms describing dark zone processes are as follows: 
Ad(t) = Kd Ad , (20) 
Dz 
(Zd) 2 [Ae- -Ad] ,  (21) 
Ks Ad , 
Zd 
in which Zd is the depth of the dark zone. 
(22) 
SIMULATION APPROACH 
The finite difference model yields the complete algal concentration 
profile over the depth of the water column as a result of substituting the 
appropriate differential rate terms given by Eqs. (11), (12) and (14) into the 
mass balances given by Eqs. (7) and (8). It should be noted that the com- 
putational scheme for this model has been simplified by first averaging the 
algal concentrations generated in the euphotic zone to obtain an average 
value of the light extinction coefficient, E (see Eq. (12)). The two compart- 
ment model can only provide algal concentration i the euphotic and dark 
zones by substituting Eqs. (16)--(19) into Eq. (7) and Eqs. (20)--(22) into 
Eq. (8). A similar distinction in approach between the two models exists for 
calculation of phosphate concentrations. 
The primary objective of simulations was to determine if the simple two- 
compartment model was sufficient o describe the effects of dispersion on 
algal growth dynamics. 
Thus, algal concentration--depth profiles generated by the finite differ- 
ence model for a range of dispersion coefficients were averaged for the 
euphotic and dark zones and then compared to those computed by the two 
compartment model. Results of the finite difference model were also of 
importance in examining the effect of dispersion and sedimentation on the 
shapes of the algal and phosphate concentration profiles and on the flux 
of algae to the sediment. 
TABLE II 
Input data for simulations 
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Total depth 5 m 
Euphotic depth 2.5 m 
Pmax 0.04 h -1  
K d 0.004 h -1  
10ma x 0.4 cal /cm2/min 
I K 0.02 cal /cm2/min 
a 1.0 m -1  
b 0.25 m -1  mg -1  1 
Yp 0.0128 mg P/mg dry weight algae * 
A o 1.6 mg/1 
Po 50 pg/1 as P 
D 0, 1, 2 and 6 cm2/s 
K s 0.002 and 0.02 m/h 
* Based upon a molecular formula for algae of C106H181045N16 P. 
Table II lists the input data required for simulations and the values of D 
and Ks selected for study. The choice of a total depth of 5 m and euphotic 
zone depth of 2.5 m were consistent with the physical features of Lake 
Brielle, and shallow lakes in general. The depth of the euphotic zone can be 
seen from Fig. 3 to vary throughout the day. This depth is also affected by 
the algal concentration due to its relationship to light attenuation (see Eq. 
(12)). The selection of 2.5 m in this case is an approximation to the maxi- 
mum euphoric depth for low algal concentrations and maximum light inten- 
sity. Use of a maximum depth in the multi-layer model assures calculation of 
algal growth at lower depths during peak light intensity periods. With lower 
light intensities, growth is negligible at these lower depths. Selection of Pmax, 
Kd and the light extinction parameters Io, Ik, a, and b was not entirely based 
on Lake Brielle data; rather, these values were considered reasonable esti- 
mates for comparison of simulation results in which the dispersion coeffi- 
cient was the main parameter of concern. The initial phosphate concentra- 
tion of 50 pg/1 P represents only the soluble fraction. This value is much less 
than that presently found in Lake Brielle (generally ranging from 100 to 300 
pg/1); however, use of a lower concentration i  simulations better illustrated 
the effect of algal growth dynamics on the phosphate profile by producing 
a larger incremental change in phosphate concentration. 
Field measurements, a  described herein, were used to select he range of 
dispersion coefficients for simulations. There are no known field measure- 
ments of Ks in Lake Brielle. Thus, a range of values suggested from literature 
(Imboden, 1974) provided a basis for testing the importance of this param- 
eter in modelling algal growth. 
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SIMULATION RESULTS 
The THT-S IM,  a conversat iona l  s imu la t ion  language,  was used for  s imula-  
t ions.  To min imize  computat ion  t ime,  on ly  ten  e lements  were used in the 
f in i te  d i f ference model .  Tests wi th  more  e lements  gave simi lar results.  The 
t ime step was a lways 0.05 h or less. 
Figs. 4 a and b show the algal concent ra t ion - -depth  prof i les obta ined  in 
the f in i te d i f ference mode l  at t = 60 h for  D = 0 and 1 cm 2/s, respect ively.  
I 'O -  
Z 
(m) 
3.0 
5.C 
0.8 1.2 1.6 
I I I I I 
A/Ao 
2.0 2.4 2.8 
I I I I I I 
1"0" 
Z 
(m) 
3.0 
5.0 
AIAo 
1.2 "/[ 10 
Fig. 4. a: Algal profile after 60 h in the absence of dispersion, i.e. D = 0 cm2/s, b: Influ- 
ence of dispersion on algal profile after 60 h. D = 1 cm2/s. Ten-compartment 
model; o---4~---o average uphotic and dark zone concentrations from ten-compartment 
model; . . . . . .  euphotic and dark zone concentrations A e and Ad, respectively from two- 
compartment model. K s = 0.002 m/h. 
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Algal concentrations have been normalized by the initial algal concentration 
Ao. A time of 60 h was selected for comparisons in order to emphasize the 
algal profile at maximum light intensity, i.e. the 12th h of the 3rd day of 
simulation; at this time algal growth rate is also a maximum. 
During the night, algal concentration decreases in the euphotic zone due 
to algal mineralization, sedimentation a d dispersion (when D > 0 cm 2/s). 
Also shown in Figs. 4 a and b are the average concentrations in the euphotic 
and dark zones as computed from the finite difference model and from the 
two compartment model. 
The importance of dispersion in determining the algal profile can best be 
seen by examination of the results from the finite difference model. Despite 
the low value of dispersion coefficient selected, algal production is greatly 
reduced over that for a stagnant system, i.e. D = 0 cm2/s. This is caused by 
dispersion of algae to lower depths as a result of the concentration gradient 
produced by the depth-dependent, light limited growth function given in 
Fig. 3. Further, the finite difference and two compartment models yielded 
quite comparable average algal concentrations in the euphotic and dark 
zones. Good agreement should have been expected in the case of D = 0 cm 2/s 
because, in this instance, the only difference between these models is use of 
the differential vis h vis the integral form of the algal growth rate expression. 
The fact that good agreement persists when dispersion is included suggests 
that averaging the algal concentration i  the euphotic zone is a valid approxim- 
ation for calculation of flux across the euphotic--dark zone interface. 
Figs. 5 a and b show that the finite difference and two compartment 
models are also in good agreement for the higher value of sedimentation rate. 
A comparison of Figs. 4 a and b with Figs. 5 a and b provides evidence of the 
importance of Ks in modelling algal profiles. For D = 0 cm2/s, increasing Ks 
from 0.002 to 0.02 m/h produces a much lower maximum algal concentra- 
tion which is located at a lower depth. A point of maximum concentration is 
explained by the competitive effect of growth and sedimentation rates. Thus, 
at higher sedimentation rates, algae are rapidly settling out of the region 
of maximum light intensity; but despite more severe light limitations at 
lower depths, a higher algal growth rate is possible due to the larger mass of 
algae supplied by sedimentation. Similar observations were made by Bella 
(1970) in discussing the importance of sedimentation of algae in thermally 
stratified lakes. 
Good agreement was also obtained in comparing Ae from the two com- 
partment model with the averaged euphotic zone concentration from the 
finite difference model over a 240-h simulation period as is shown in Fig. 6 a 
for D = 1 cm 2/s. Thus having established the validity of the two compart- 
ment model, the effects of dispersion and sedimentation algal growth can 
be examined over this extended time period. When, as shown in Fig. 6 a, a 
low value of K s (0.002 m/h) is assumed and dispersion is absent, a 400% 
increase in algal concentration i  the euphotic zone and a 160% increase in 
total algal mass in the water column is noted over 10 days. However, with 
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Fig. 5. Influence of dispersion on algal profile after 60 h. 
a: D = 0 cm2/s and b: D = 1 cm2/s. 
, ~-$---0; . . . . . .  ; same as in Fig. 4. K s = 0.02 m/h. 
inclusion of  a relatively low dispersion coeff ic ient of  I cm 2/s, algal concen- 
trat ion in the euphot ic  zone, and similarly total  mass in the water  co lumn,  
only increase by 100%. Litt le further  at tenuat ion of  algal growth occurs with 
increased ispersion. These simulat ions uggest hat  intense algal growth is 
associated with str ict ly calm weather  which produces little mixing act ion by  
the wind; however,  only a light wind, i.e. enough to produce a D of  1 cm2/s, 
can reduce algal growth.  The substantial  d i f ference in algal growth between 
D = 0 and 1 cm 2/s suggests that  future research on dispersion should focus 
on this rather narrow region of  mixing condit ions. 
The importance of  the assumpt ion of  Ks in reaching conclusions regarding 
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F ig .  6. In f luence  o f  d i spers ion  on  a lga l  g rowth  w i th  : 
a:  K s = 0 .002  m/h  and  b :  K s = 0 .02  m/h .  
Two-compar tment  mode l  resu l t s :  - D = 0 cm 2/s ,  - . . . . .  D = 1 cm 2/s ,  . . . . . .  D = 6 
cm 2/s .  
Averaged euphot ic  zone  a lga l  concent ra t ion  f rom ten-compar tment  mode l  • • o .  
250 
the effects of dispersion is seen by comparison of Figs. 6 a and b. Fig. 6 b 
shows that with a higher Ks (0.02 m/h), algal growth is greatly reduced. 
Moreover, in these simulations, the combined effect of dispersion and a high 
sedimentation rate is to suppress the algal growth almost completely. 
The sedimentation rate of algae in the dark zone (Eq. (22)) can be used to 
predict he particulate phosphorus reaching the sediment in the form of algal 
cells. The accumulative amount of phosphorus depends directly upon Ad as 
shown below: 
t 
Pac~ = f Ks Yp Ad dt 
0 
(23) 
From Fig. 6 a, the effect of dispersion is to steadily increase A d with time; 
thus, the rate of phosphorus accumulation will reflect his pattern. Without 
dispersion, Ad decreases slightly due to the mineralization of algal cells and 
thereby retards the rate of phosphorus accumulation. When Ks is increased 
by a factor of ten, i.e. from 0.002 to 0.02 m/h, Eq. (23) predicts a nearly 
proportional increase in Pacc. 
The effects of dispersion on the soluble phosphate concentration profile 
as generated by the finite difference model is given in Fig. 7. After simulat- 
ing 60 h of algal growth, only a slight phosphate gradient exists when D = 1 
cm 2/s. In contrast, the higher growth rate and lack of redistribution of phos- 
phate from the lower depths when D = 0 cm 2/s produces a very sharp 
gradient in the euphotic zone. Although not included in this model, lower 
phosphate concentration i  the euphotic zone would also limit algal growth 
g 
(m) 
P/Po 
0.2  , , 
' \ 1.o I I 
\ 
\ 
\ 
\ 
I 
I 
I 
5 
Fig. 7. Influence of dispersion on the vertical distribution of soluble phosphate after 60 h 
with initial soluble phosphate =50 pg/1 and Ks = 0.002 m/h. 
. . . . . .  D=0cm2/s; D=lcm2/s. 
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and thereby retard further the steepening of the phosphate gradient. Thus, in 
lakes with lower phosphate concentrations than in Lake Brielle, a secondary 
and opposite ffect of the absence of dispersion could be a development of a 
nutrient limited, algal growth situation. This effect would lessen the differ- 
ence between algal growth predicted for D = 0 and 1 cm 2/s under only light 
limiting growth conditions. 
CONCLUSIONS 
Vertical dispersion coefficients measured by a tracer technique compared 
well to values derived from theory. In Lake Brielle, typical values for 
moderate winds (4 m/s) ranged over 4--6 cm2/s. 
The effects of dispersion and sedimentation were conveniently included in 
a simple, two compartment model of algal growth in shallow lakes. Simula- 
tion results indicated good agreement between this model and the more 
precise, finite difference model. Wind induced dispersion which produces aD 
value of only 1 cm 2/s greatly suppressed growth in the euphotic zone over a 
simulation period of 10 days. However, little more attenuation of growth 
occurred when the dispersion coefficient was increased further. A question 
remains as to whether or not values close to D = 0 cm 2/s actually occur 
during calm weather, since thermal processes can cause density gradients 
which may induce vertical transport. 
The assumed sedimentation constant, Ks, also influenced the extent of 
algal growth. A higher sedimentation constant caused more restricted 
growth; this was even more pronounced when the effect of dispersion was 
included. Sedimentation a d dispersion also interacted to determine the rate 
of particulate phosphorus accumulation, Pacc, in the sediment. Increased is- 
persion actually increased this rate due to the effect of increasing the dark 
zone algal concentration. Model simulations indicated that dispersion also 
influences the phosphate profile in the water column. Thus, dispersion can 
affect algal growth rate in lakes in which phosphate is the limiting nutrient. 
These simulations have thus shown that dispersion may play an important 
role in the phosphate cycling processes in shallow lakes by altering the algal 
growth pattern and the rate of phosphate accumulation i the sediment. 
However, the stochastic nature of wind induced dispersion remains to be 
considered in modelling. Long periods of either complete calm or steady 
wind are very unlikely. In this regard, field correlations between wind 
velocity and algal productivity are needed along with more extensive mea- 
surements of particulate sedimentation rates. 
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